Trypsin digestion of Hansenula wingei 21-cells releases a protein (21-factor-T) that inhibits the agglutination of 21-cells by purified 5-agglutinin obtained from 5-cells by subtilisin digestion [Crandall, M. A. & Brock, T. D. (1968) BacterioL Rev. 32,. We have purified this inhibitor 415-fold by ion-exchange chromatography, affinity adsorption to 5-cells, and gel permeation chromatography. The material shows a diffuse band, on polyacrylamide gel electrophoresis in the presence of sodium dodecyl sulfate, with an apparent Mr of 27,000. It has a pI of 3.8, is rich in acidic amino acids, contains 5% mannose and a trace of glucosamine, and is stable to reducing agents but is inactivated by heat. Zymolyase (31-r3-glucanase) digestion of 21-cells releases a similar inhibitor that, after purification, has a larger size than 21-factor-T. This 21-factor-Z appears to contain an additional portion that may serve to anchor 21-factor in the cell wall. Haploid cells of the yeasts Pichia amethionina and Saccharomyces kluyveri also show a constitutive sexual agglutination, and little or no crossreactivity is observed in heterologous mixtures. The agglutination factors in all three genera, however, have parallel properties; one cell type of each pair is heat stable and is inactivated by reducing agents (H. wingei 5-cells, P. amethionina a-cells, and S. kluyveri 16-cells), and the other is heat labile and is unaffected by reducing agents (H. wingei 21-cells, P. amethionina a-cells, and S. kluyveri 17-cells). Because S. kluyveri 16-cells respond to Saccharomyces cerevisiae a-factor with the typical morphogenetic change of a mating half-reaction, the heat-stable agglutinin appears related to the S. cerevisiae a mating type and the heat-labile factor to the S. cerevisiae a mating type.
Sexual mating in some yeasts is facilitated by cell surface macromolecules that mediate a specific recognition and agglutination between the haploid cells of opposite mating type. The prototype of this interaction is that between Hansenula wingei 5-cells and 21-cells, which show a strong, constitutive sexual agglutination (1) . From the 5-cell can be isolated a large heat-stable mannoprotein that agglutinates 21-cells and is known to consist of a glycoprotein core to which several small glycopeptide recognition sites are attached by disulfide linkage (2, 3) . This 5-agglutinin is inactivated by reducing agents, which release the recognition sites in a monovalent form that will bind to 21-cells but not agglutinate them. Trypsinization of 21-cells releases a small heat-labile protein (21-factor) that will bind to 5-agglutinin and neutralize it, but this monovalent 21-factor does not agglutinate 5-cells (1) . In this report we describe some additional properties of purified 21-factor. Saccharomyces cerevisiae X2180 does not show a strong constitutive sexual agglutination, although a weak agglutination is induced in the haploid cells by the exchange of pheromones (4) . This enhanced agglutination is associated with the appearance of a fuzzy coat on the tip of the extensions of a-cells exposed to a-factor (5) . We have now compared H. wingei with two other yeast strains that show a strong constitutive agglutination, Pichia amethionina (6) and Saccharomyces kluyveri (7) , and we have related the two haploid cells of S. kluyveri to the mating types of S. cerevisiae. The agglutinative property of one haploid cell type of each of the three strains (H. wingei 5-cell, P. amethionina a-cell, and S. kluyveri 16-cell well of a microtiter plate, equal amounts of the two cell types suspended in 50 pi of saline or buffer. A positive reaction resulted in formation of an aggregated mass, whereas nonagglutinating cells settled to the bottom of the well in a diffuse layer. When it occurred, interspecies agglutination was observed under a microscope as clumps of cells after the cells were incubated together on a YEPD plate for several hours and then suspended in saline. Heat stability was determined by heating the cells at 1000C for 40 min in saline or buffer, whereas stability to reducing agents was determined by incubating the cells in 50 mM mercaptoethanol at 250C for 30 min. After either treatment, the cells were washed in fresh buffer and then tested for agglutinability. 21-Factor was assayed in microtiter plates by its ability to reverse the agglutination of 21-cells by purified 5-agglutinin.
Sodium dodecyl sulfate/polyacrylamide gel electrophoresis was performed according to Laemmli (11) on a 10-cm slab gel containing 10% polyacrylamide, native gels according to Orstein (12) , and gel electrofocusing as described by Wrigley (13) . Carbohydrate was determined by the phenol/sulfuric acid assay (14) and protein by absorbance at 220 nm or by the Lowry procedure (15).
RESULTS AND DISCUSSION
Purification and Properties of 21-Factor. The 21-factor, released from H. wingei 21-cells by trypsin treatment (1), was purified 415-fold in a yield of 10% (Table 1) . A typical assay of the material is illustrated in Fig. 1 . On gel electrophoresis in sodium dodecyl sulfate, the purest preparations showed a single somewhat diffuse band (Fig. 2, lane F) . The apparent molecular weight of this 21-factor-T is 27,000 (Fig. 3 ). Nondenaturing gels also gave a single band (not shown). All biological activity coelectrophoresed with the one band, although recovery of activity from the nondenaturing gel was low. Isoelectric focusing gels showed a single band with a pI of 3.8.
From the size of 5-agglutinin and the number of binding sites (2) , it should have an agglutination equivalent weight of 160,000. With a Mr of 27,000, 21-factor-T would be expected to combine with 5-agglutinin in a weight ratio of 1:6. From Fig.  1 , it is apparent that a weight ratio of 1:3 to 1:6 is required for reversal of the agglutination reaction. Because this assay involves the interaction of two multivalent components, 5-agglutinin and 21-cells, and its reversal by a monovalent 21-factor in what is expected to be an unfavorable competition, we interpret the apparent combining ratios to mean that the isolated 21-factor-T is quite pure and has retained full biological activity.
The release of 21-factor by trypsinization probably results from proteolysis of the factor itself. In support of this, we observe that the 21-factor released by digestion of the cell.with Zymolyase, which solubilizes the wall, has a larger molecular weight (not shown). In Ouchterlony double diffusion experiments using antiserum to 21-factor-T, immunological identity was observed between the two 21-factor preparations, which shows that 21-factor-Z contained all of the determinants present in the smaller form (Fig. 4) . Controlled trypsin digestion of 21-factor-Z produced the smaller form, whereas extensive trypsin treatment destroyed the molecule. The factor was also destroyed by Pronase, chymotrypsin, and subtilisin, but it was not affected by bacterial a-mannosidase under conditions that remove most of the carbohydrate (not shown).
The unusual composition of 5-agglutinin has been noted (3),
Gel electrophoresis in sodium dodecyl sulfate of trypsin-released 21-factor-T preparations. Lane A shows the initial trypsin digest, B the first DEAE-cellulose fraction, C the material from the 5-cell affinity step, D the second DEAE-cellulose fraction, and E the Bio-Gel P-150 fraction. Lane F is a gel of an independent preparation of 21-factor-T that lacked the lower molecular weight contaminant in E. particularly the high content of hydroxy amino acids, which total 65% of the protein. The two 21-factor preparations also have unusual compositions, with a high content of acidic amino acids (Table 2 ). This composition is associated with a pI of 3.8, which indicates that many of these amino acids occur in the free carboxyl form rather than the amide. Because the interaction of 5-cells with 21-cells is reversed at low pH and is dependent on Mg2+, it is probable that this acidic nature of 21-factor is important for its biological activity.
Our 21-factor-T preparation, in contrast to one reported previously (1) , is low in carbohydrate. Because the electrophoretic mobility of this 21-factor is increased by digestion with endo-f3-N-acetylglucosaminidase H (9) or bacterial a-mannosidase (10), we conclude that the carbohydrate is a typical mannose-rich oligosaccharide linked to asparagine (16) .
Isolation of P. amethionina Agglutination Factors. Zymolyase digestion of P. amethionina a-cells released a multivalent a-cell agglutinin that was included on a Bio-Gel A-5m column (Fig. 5A) . The partially purified substance had the weight protein that was included on a Bio-Gel P-60 column and appeared to contain little if any carbohydrate (Fig. 5B) . The substance did not agglutinate a-cells, but it inhibited the agglutination of a-cells by the a-agglutinin. This a-factor, which parallels H. wingei 21-factor in its properties, and is probably released by proteolysis of intact a-factor, was inactivated by heat but was stable to reducing agents.
Crossreactivity Between the Agglutination Systems. Compared to the massive agglutination observed between the homologous haploid cells, there is little or no crossreactivity between the strains we have studied here. Clumps of 10-50 cells were observed, however, when H. wingei 5-cells were mixed with P. amethionina a-cells. Taylor (17) reported that H. wingei 21-cells crossreact strongly with S. kluytwri 16-cells (type 3), but we failed to confirm this observation with our strains. Both of these crossreactivities, however, are consistent with the type specificity assigned on the basis of chemical properties (see below). Although the crossreactions seem related to sexual agglutination, nonspecific factors such as surface charge may play a role in such weak associations, so their significance is unclear. Although the P. amethionina a-agglutinin and a-factor have obvious similarities to the 5-agglutinin and 21-factor of H. wingei,.none of the isolated molecules showed any activity in heterologous systems, nor did a-factor crossreact with antiserum to 21-factor-T.
Inactivation of the Agglutination Factors on Intact Cells. The homologous agglutination activities of H. uningei 21-cells, P. amethionina a-cells, and S. kluyvert 17-cells were all destroyed by heat (Table 3) . In contrast, H. wingei 5-cells, P.
amethionina a-cells, and S. kluyeri 16-cells were stable to this treatment, although they were inactivated by mercaptoethanol, a treatment that did not affect the first three cell types. Taylor (17) had already noted this effect of reducing agents on H. wungei 5-cells and S. kluyveri 16-cells. Although he reported that the agglutinative activity of S. kluyveri 17-cells was also sensitive to mercaptoethanol, we found it to survive this treatment. Thus, our observations are consistent with the notion that the agglutination factors in all three pairs have parallel properties, one being heat stable and sensitive to reducing agents and the other being heat labile and insensitive to reducing agents.
Response of S. kluyveri 16-Cells to S. cerevisiae a-Factor.
S. kluyveri 16-cells, grown to early log phase on YEPD medium, were suspended in minimal medium that contained 40 units of a-factor per ml. After 6 hr, many cells showed the morphological change characteristic of S. cerevsiae a-cells exposed to the pheromone. S. kluyveri type 17-cells were unaffected. (19) refers to "membrane associated 'cognitive' elements." The terms "receptor" and "ligand," which might serve to describe such cognitive elements, have through wide and variable use developed meanings that carry no structural implication. Thus, a recent major review (23) refers to lectins as "ligands," and the glycoproteins to which they bind on lymphocyte surfaces as "lectin receptors." In the same vein, the erythrocyte cholera toxin recognition site, ganglioside GM1, has been called "the toxin receptor" (24) . It is apparent that a receptor on a cell surface can be any entity to which something smaller than the cell (a ligand) binds, the binding of which initiates a physiological response mediated by the receptor (25) . We feel that such terms are not adaptable to a description of the biochemistry of cell-cell interactions.
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i.."I Allo structure with the ability to interact cooperatively with cognons. Although some recognition systems appear to be inhibited by small hapten-like molecules, we expect that the physiologically important cognons will have to be more complex in order to provide the exquisite specificity that is evident in differentiating multicellular systems (26) . In this respect, the sexual mating factors of yeasts are no exception. Whether this terminology, which is based on structural parallels, will prove adaptable to all cell-cell recognition systems remains to be seen.
